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MULITI-MEMBER BLUETOOTH DEVICE
CAPABLE OF ADAPTIVELY SWITCHING
OPERATION MODE IN RESPONSE TO DATA
TYPE CHANGE OF RECEIVED PACKETS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Patent
Application No. 109127805, filed in Tatwan on Aug. 14,
2020; the entirety of which 1s incorporated herein by refer-
ence for all purposes.

This application claims the benefit of prionty to U.S.
Provisional Application Ser. No. 62/909,783, filed on Oct. 3,
2019; the entirety of which 1s incorporated herein by refer-
ence for all purposes.

BACKGROUND

The disclosure generally relates to a Bluetooth technology
and, more particularly, to a multi-member Bluetooth device
capable of adaptively switching operation mode 1n response
to data type change of received packets.

A multi-member Bluetooth device 1s a Bluetooth device
formed by multiple Bluetooth circuits cooperating with each
other, such as, a pair of Bluetooth earphones, a set of
Bluetooth speakers, or the like. When the multi-member
Bluetooth device connects to another Bluetooth device
(heremaftter referred to as a remote Bluetooth device), the
remote Bluetooth device treats the multi-member Bluetooth
device as a single Bluetooth device. The conventional multi-
member Bluetooth device configures one of member circuits
to be a main Bluetooth circuit for conducting a bidirectional
data transmission with the remote Bluetooth device, and
configures other member circuits to be auxiliary Bluetooth
circuits.

In practical applications, the data type of packets trans-
mitted from the remote Bluetooth device to the multi-
member Bluetooth device may change as the operation
scenar1o changes. For example, when the remote Bluetooth
device utilizes the multi-member Bluetooth device to play-
back video data, the packets transmitted from the remote
Bluetooth device to the multi-member Bluetooth device are
usually multimedia data with a sequence number. However,
when the remote Bluetooth device transmits data required
for updating the firmware or versions ol programs to the
multi-member Bluetooth device, the packets transmitted
from the remote Bluetooth device to the multi-member
Bluetooth device are usually non-multimedia data without
having sequence numbers, such as, program data, update
modules, or the like.

When the data type of the packets 1ssued from the remote
Bluetooth device changes, 1f the cooperation between the
main Bluetooth circuit and the auxiliary Bluetooth circuit
does not adjust adaptively, it may easily degrade the overall
operating performance ol the multi-member Bluetooth
device, reduce the standby time of the multi-member Blu-
ctooth device, cause inconvenience 1n the usage, or even
unable to complete specific operation (e.g., firmware
update).

SUMMARY

An example embodiment of a multi-member Bluetooth
device utilized to operably conduct data transmission with a
remote Bluetooth device 1s disclosed. The multi-member

Bluetooth device comprises a main Bluetooth circuit, com-
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prising: a first Bluetooth communication circuit; a first
packet parsing circuit, arranged to operably parse packets
received by the first Bluetooth commumnication circuit; and a
first control circuit, coupled with the first Bluetooth com-
munication circuit and the first packet parsing circuit; and an
auxiliary Bluetooth circuit, arranged to selectably operate a
smiiling mode or a relay mode, the auxiliary Bluetooth
circuit comprising: a second Bluetooth communication cir-
cuit; a second packet parsing circuit, arranged to operably
parse packets received by the second Bluetooth communi-
cation circuit; and a second control circuit, coupled with the
second Bluetooth communication circuit and the second
packet parsing circuit; wherein in a period during which the
auxiliary Bluetooth circuit operates at the relay mode, the
first control circuit utilizes the first Bluetooth communica-
tion circuit to receive packets transmitted from the remote
Bluetooth device, and utilizes the first Bluetooth communi-
cation circuit to forward received packets to the auxiliary
Bluetooth circuit, and the second control circuit utilizes the
second Bluetooth communication circuit to receirve packets
forwarded from the first Bluetooth communication circuit,
but the second control circuit does not utilizes the second
Bluetooth communication circuit to snmifl packets issued
from the remote Bluetooth device; 1in a situation of that a
data type of the packets transmitted from the remote Blu-
ctooth device changes, the auxiliary Bluetooth circuit
switches from the relay mode to the smiling mode; and 1n a
period during which the auxiliary Bluetooth circuit operates
at the snifling mode, the first control circuit utilizes the first
Bluetooth communication circuit to receive the packets
transmitted from the remote Bluetooth device, and the
second control circuit utilizes the second Bluetooth com-
munication circuit to snifl the packets i1ssued from the
remote Bluetooth device.

Both the foregoing general description and the following

detailed description are examples and explanatory only, and
are not restrictive of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a simplified functional block diagram of a
multi-member Bluetooth device according to one embodi-
ment of the present disclosure.

FIGS. 2-3 collectively show a simplified flowchart of an
operation method of the multi-member Bluetooth device
according to a first embodiment of the present disclosure.

FIGS. 4-5 collectively show a simplified tflowchart of an
operation method of the multi-member Bluetooth device
according to a second embodiment of the present disclosure.

FIGS. 6-7 collectively show a simplified flowchart of an
operation method of the multi-member Bluetooth device
according to a third embodiment of the present disclosure.

FIGS. 8-9 collectively show a simplified flowchart of an
operation method of the multi-member Bluetooth device
according to a fourth embodiment of the present disclosure.

FIGS. 10-11 collectively show a simplified flowchart of
an operation method of the multi-member Bluetooth device
according to a fifth embodiment of the present disclosure.

DETAILED DESCRIPTION

Reference 1s made in detail to embodiments of the inven-
tion, which are illustrated 1n the accompanying drawings.
The same reference numbers may be used throughout the
drawings to refer to the same or like parts, components, or
operations.
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FIG. 1 shows a simplified functional block diagram of a
multi-member Bluetooth device 100 according to one
embodiment of the present disclosure. The multi-member
Bluetooth device 100 1s arranged to operably conduct data
transmission with a remote Bluetooth device 102, and com-
prises multiple member circuits. For the convenience of
description, only three member circuits are illustrated 1n the
embodiment of FIG. 1, which respectively are a first Blu-
etooth circuit 110, a second Bluetooth circuit 120, and a third
Bluetooth circuit 130.

In this embodiment, all member circuits of the multi-
member Bluetooth device 100 have a similar main circuit
structure, but diflerent additional circuit components may be
arranged 1n different member circuits, rather than restricting
all member circuits to have an identical circuit structure. As
shown 1n FIG. 1, for example, the first Bluetooth circuit 110
comprises a first Bluetooth commumnication circuit 111, a
first packet parsing circuit 113, a first clock synchronizing
circuit 115, and a first control circuit 117. Similarly, the
second Bluetooth circuit 120 comprises a second Bluetooth
communication circuit 121, a second packet parsing circuit
123, a second clock synchromizing circuit 125, and a second
control circuit 127.

The main circuit components inside the third Bluetooth
circuit 130 are similar to the situation of the aforementioned
first Bluetooth circuit 110 and second Bluetooth circuit 120.
For the sake of brevity, the mterior circuit components of the
third Bluetooth circuit 130 are not shown 1n FIG. 1.

In the first Bluetooth circuit 110, the first Bluetooth
communication circuit 111 1s arranged to operably conduct
data communication with other Bluetooth devices. The first
packet parsing circuit 113 i1s arranged to operably parse
packets received by the first Bluetooth communication cir-
cuit 111. The first clock synchronizing circuit 115 1s coupled
with the first packet parsing circuit 113, and arranged to
operably adjust a clock signal adopted by the first Bluetooth
circuit 110 so as to synchronize a piconet clock adopted by
the first Bluetooth circuit 110 and other Bluetooth devices.

The first control circuit 117 1s coupled with the first
Bluetooth communication circuit 111, the first packet pars-
ing circuit 113, and the first clock synchromzing circuit 115,
and 1s arranged to operably control the operations of the
aforementioned circuits. In operations, the first control cir-
cuit 117 may directly data communication with the remote
Bluetooth device 102 through the first Bluetooth communi-
cation circuit 111 by using a Bluetooth wireless transmission
approach, and may conduct data communication with other
member circuits through the first Bluetooth communication
circuit 111. The first control circuit 117 may further utilize
the first packet parsing circuit 113 to parse the packets
received by the first Bluetooth communication circuit 111 so
as to acquire related data or instructions.

In the second Bluetooth circuit 120, the second Bluetooth
communication circuit 121 1s arranged to operably conduct
data communication with other Bluetooth devices. The
second packet parsing circuit 123 1s arranged to operably
parse the packets received by the second Bluetooth com-
munication circuit 121. The second clock synchronizing
circuit 125 1s coupled with the second packet parsing circuit
123, and arranged to operably adjust a clock signal adopted
by the second Bluetooth circuit 120 so as to synchronize the
piconet clock adopted by the second Bluetooth circuit 120
and other Bluetooth devices.

The second control circuit 127 1s coupled with the second
Bluetooth communication circuit 121, the second packet
parsing circuit 123, and the second clock synchromizing
circuit 125, and 1s arranged to operably control the opera-
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tions of the aforementioned circuits. In operations, the
second control circuit 127 may conduct data communication
with other Bluetooth devices through the second Bluetooth
communication circuit 121 by using the Bluetooth wireless
transmission approach, and may conduct data communica-
tion with other member circuits through the second Blu-
etooth communication circuit 121. The second control cir-
cuit 127 may further utilize the second packet parsing circuit
123 to parse the packets received by the second Bluetooth
communication circuit 121 so as to acquire related data or
instructions.

In practice, each of the aforementioned first Bluetooth
communication circuit 111 and second Bluetooth commu-
nication circuit 121 may be realized with appropriate wire-
less communication circuits supporting various versions of
Bluetooth communication protocols. Each of the aforemen-
tioned {first packet parsing circuit 113 and second packet
parsing circuit 123 may be realized with various packet
demodulating circuits, digital processing circuits, micro-
processors, or ASICs (Application Specific Integrated Cir-
cuits). Each of the atorementioned first clock synchronizing
circuit 115 and second clock synchronizing circuit 125 may
be realized with various appropriate circuits capable of
comparing and adjusting clock frequency and/or clock
phase. Each of the atorementioned first control circuit 117
and second control circuit 127 may be realized with various
micro-processors or digital signal processing circuits having,
appropriate computing capability.

In some embodiments, the first clock synchronizing cir-
cuit 115 and the second clock synchronizing circuit 125 may
be respectively integrated into the first control circuit 117
and the second control circuit 127. In addition, the afore-
mentioned first packet parsing circuit 113 and second packet

parsing circuit 123 may be respectively integrated into the
aforementioned first Bluetooth communication circuit 111
and second Bluetooth communication circuit 121.

In other words, the atorementioned first Bluetooth com-
munication circuit 111 and first packet parsing circuit 113
may be realized with separate circuits, or may be realized
with the same circuit. Similarly, the aforementioned second
Bluetooth communication circuit 121 and second packet
parsing circuit 123 may be realized with separate circuits, or
may be realized with the same circuait.

In applications, different functional blocks of the afore-
mentioned first Bluetooth circuit 110 may be integrated into
a single circuit chip. For example, all functional blocks of
the first Bluetooth circuit 110 may be integrated into a single
Bluetooth controller IC. Similarly, all functional blocks of
the second Bluetooth circuit 120 may be integrated into
another single Bluetooth controller IC.

As can be appreciated from the foregoing descriptions,
different member circuits of the multi-member Bluetooth
device 100 may conduct data communication with one
another through respective Bluetooth communication cir-
cuits, so as to form various types of data network or data
link. When the multi-member Bluetooth device 100 con-
ducts data communication with the remote Bluetooth device
102, the remote Bluetooth device 102 treats the multi-
member Bluetooth device 100 as a single Bluetooth device,
and the multiple member circuits of the multi-member
Bluetooth device 100 would select one member circuit to act
as a main Bluetooth circuit for handling major operation of
receiving packets 1ssued from the remote Bluetooth device
102, and other member circuits act as auxiliary Bluetooth
circuits.

The main Bluetooth circuit may adopt various existing
mechanisms to receive the packets 1ssued from the remote




US 10,999,728 B2

S

Bluetooth device 102, and during the operation of the main
Bluetooth circuit, the auxiliary Bluetooth circuit may
acquire the packets 1ssued from the remote Bluetooth device
102 by adopting appropriate mechanisms.

For example, in a period during which the main Bluetooth
circuit receives the packets 1ssued from the remote Blu-
ctooth device 102, the auxilhiary Bluetooth circuit may
operate at a smiling mode to actively snifl the packets 1ssued
from the remote Bluetooth device 102. Alternatively, the
auxiliary Bluetooth circuit may operate at a relay mode to
passively receive the packets forwarded from the main
Bluetooth circuit after the packets 1ssued from the remote
Bluetooth device 102 are received by the main Bluetooth
circuit, and does not actively snifl the packets 1ssued from
the remote Bluetooth device 102. Respective operations of
the main Bluetooth circuit and the auxiliary Bluetooth
circuit 1 the foregoing two situations will be described 1n
detail in the following paragraphs.

Please note that two terms “main Bluetooth circuit” and
“auxiliary Bluetooth circuit” used throughout the descrip-
tion and claims are merely for the purpose of distinguishing,
different approaches of receiving packets 1ssued from the
remote Bluetooth device 102 adopted by diflerent member
circuits, rather than indicating that the main Bluetooth
circuit 1s required to has a specific level of control authority
over other operational aspects of the auxiliary Bluetooth
circuit.

In addition, during the operation of the multi-member
Bluetooth device 100, the main Bluetooth circuit and the
auxiliary Bluetooth circuit may dynamically exchange their
roles. For example, the main Bluetooth circuit may inter-
mittently evaluate 1ts operating parameters such as a com-
puting loading, a remaining power, a temperature and/or an
operating environment, and hand over its role to another
auxiliary Bluetooth circuit in the situation where the afore-
mentioned operating parameters matches specific predeter-
mined conditions.

For another example, the main Bluetooth circuit may
intermittently compare the aforementioned operating param-
cters of the main Bluetooth circuit with the aforementioned
operating parameters ol other auxiliary Bluetooth circuits,
and hand over the role of the main Bluetooth circuit to
another auxihiary Bluetooth circuit 1n the situation where a
difference between the operating parameters of the main
Bluetooth circuit and the operating parameters of the aux-
iliary Bluetooth circuit exceeds a predetermined degree.

For another example, the main Bluetooth circuit may
intermittently compare 1ts Bluetooth packet loss rate with
the Bluetooth packet loss rate of other auxiliary Bluetooth
circuits, and hand over the role of the main Bluetooth circuit
to another auxiliary Bluetooth circuit 1n the situation where
another auxiliary Bluetooth circuits has a lower Bluetooth
packet loss rate.

In practice, the main Bluetooth circuit may take the
alorementioned various evaluation criteria nto consider-
ation to conduct a comprehensive evaluation so as to deter-
mine whether to hand over the role of the main Bluetooth
circuit to another auxiliary Bluetooth circuit.

Alternatively, the auxiliary Bluetooth circuit may adopt
various approaches to determine whether the main Bluetooth
circuit 1s disabled or missing, and in the situation where the
auxiliary Bluetooth circuit determines that the main Blu-
ctooth circuit 1s disabled or missing, the auxiliary Bluetooth
circuit may take over the role of the former main Bluetooth
circuit to proactively act as a new main Bluetooth circuait.

As described previously, the data type of the packets
transmitted from the remote Bluetooth device 102 to the
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multi-member Bluetooth device 100 may change as the
operation scenario changes in practical applications. For
example, when the user manipulates the remote Bluetooth
device 102 to utilize the multi-member Bluetooth device 100
to playback video data, the packets transmitted from the
remote Bluetooth device 102 to the multi-member Bluetooth
device 100 are usually multimedia data with a sequence
number. However, when the user utilizes the remote Blu-
ctooth device 102 to transmit data required for updating the
firmware or versions of programs to the multi-member
Bluetooth device 100, the packets transmitted from the
remote Bluetooth device 102 to the multi-member Bluetooth
device 100 are usually non-multimedia data without having
sequence numbers, such as, program data, update modules,
or the like. In the situation of that the data type of the packets
issued from the remote Bluetooth device 102 changes, but
the main Bluetooth circuit and the auxiliary Bluetooth
circuit do not exchange their roles with each other, 1t the
cooperation between the main Bluetooth circuit and the
auxiliary Bluetooth circuit does not adjust adaptively, it may
cause the main Bluetooth circuit to be unable to effectively
confirm whether the auxiliary Bluetooth circuit misses any
packet; may increase the power consumption, the heat
generation, and/or the temperature of the main Bluetooth
circuit; may reduce the comiort level in using the main
Bluetooth circuit; may degrade the overall operating pertor-
mance, and/or reduce the standby time of the multi-member
Bluetooth device 100; may cause inconvenience 1n the usage
of the multi-member Bluetooth device 100; and may cause
the auxiliary Bluetooth circuit to easily miss packets and
thus unable to complete specific operation (e.g., firmware
update).

During the operations, the multi-member Bluetooth
device 100 dynamically monitors whether the data type of
the packets transmitted from the remote Bluetooth device
102 changes so as to avoid the aforementioned problems.

The operations of the multi-member Bluetooth device 100
will be further described in the following by reference to
FIG. 2 and FIG. 3. FIGS. 2-3 collectively show a simplified
flowchart of an operation method of the multi-member
Bluetooth device 100 according to a first embodiment of the
present disclosure.

In the flowcharts of FIGS. 2-3, operations within a
column under the name of a specific device are operations to
be performed by the specific device. For example, opera-
tions within a column under the label “main Bluetooth
circuit” are operations to be performed by the member
circuit acting as the main Bluetooth circuit; operations
within a column under the label “auxiliary Bluetooth circuit™
are operations to be performed by the member circuits acting
as the auxiliary Bluetooth circuit; and so forth. The same
analogous arrangement also applies to the subsequent tlow-
charts.

As shown 1n FIG. 2, when the user utilizes the multi-
member Bluetooth device 100 to receive packets with
sequence numbers (e.g., video data) 1ssued from the remote
Bluetooth device 102, the multi-member Bluetooth device
100 may perform the operation 202 first to acquire Bluetooth
connection parameters for use in receiving the packets
issued from the remote Bluetooth device 102. In practice,
the multi-member Bluetooth device 100 may first utilize any
one ol the member circuits to connect with the remote
Bluetooth device 102 to acquire related Bluetooth connec-
tion parameters, and then utilize the member circuit to
transmit the acquired Bluetooth connection parameters to
other member circuits.
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In one embodiment, for example, the first control circuit
117 of the first Bluetooth circuit 110 may control the first
Bluetooth communication circuit 111 to establish a Blu-
etooth connection with the remote Bluetooth device 102,
and transmit the Bluetooth connection parameters adopted
between the first Bluetooth circuit 110 and the remote
Bluetooth device 102 to the second Bluetooth circuit 120
and other member circuits through the first Bluetooth com-
munication circuit 111 1n the operation 202, so that thereafter
other member circuits can adopt the Bluetooth connection
parameters to receive the packets 1ssued from the remote

Bluetooth device 102.

For another example, 1n another embodiment, the second
control circuit 127 of the second Bluetooth circuit 120 may
control the second Bluetooth communication circuit 121 to
establish the Bluetooth connection with the remote Blu-
etooth device 102, and transmit the Bluetooth connection
parameters adopted between the second Bluetooth circuit
120 and the remote Bluetooth device 102 to other member
circuits through the second Bluetooth communication circuit
121 in the operation 202, so that thereaiter other member
circuits can adopt the Bluetooth connection parameters to
receive the packets 1ssued from the remote Bluetooth device
102. On the other hand, the second control circuit 127 may
turther transmit a device i1dentification data of the second
Bluetooth circuit 120 and the Bluetooth connection param-
eters adopted between the second Bluetooth circuit 120 and
the remote Bluetooth device 102 to the first Bluetooth circuit
110 through the second Bluetooth communication circuit
121 1n the operation 202, so that the first Bluetooth circuit
110 can conduct the bidirectional packet transmission with
the remote Bluetooth device 102 1n subsequent operations.
Afterwards, the second Bluetooth circuit 120 would conduct
a unidirectional packet receiving operation to receive pack-
ets 1ssued from the remote Bluetooth device 102, and no
longer transmit the packets to the remote Bluetooth device
102, so as to avoid the remote Bluetooth device 102 from
packet contlict.

For the convenience of description, 1t 1s assumed herein-
after that the member circuit being currently selected among
the member circuits of the multi-member Bluetooth device
100 to perform the major duty of receiving the packets
issued from the remote Bluetooth device 102 1s the first
Bluetooth circuit 110, and each of the other member circuits
(for example, the alorementioned second Bluetooth circuit
120 and the third Bluetooth circuit 130) acts as an auxiliary
Bluetooth circuit.

In the operation 204, through the first Bluetooth commu-
nication circuit 111, the first Bluetooth circuit 110 may
inform other member circuits 1n the multi-member Blu-
ctooth device 100 (e.g., the atorementioned second Blu-
ctooth circuit 120 and third Bluetooth circuit 130) of that the
first Bluetooth circuit 110 will play the role of the main
Bluetooth circuit 1n the following stage, and may instruct
cach of other member circuits to play the role of the
auxiliary Bluetooth circuit and to operate at the snifling
mode. That 1s, the first Bluetooth circuit 110 will perform the
major operation ol receiving the packets 1ssued from the
remote Bluetooth device 102 in the following stage, and
other member circuits are only allowed to snifl the packets
issued from the remote Bluetooth device 102 and not
allowed to transmit instructions, data, or other related pack-
ets to the remote Bluetooth device 102.

Afterwards, 1 a period during which the auxiliary Blu-
ctooth circuit operates at the snifling mode, the first Blu-
ctooth circuit 110 performs the operation 206.
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In the operation 206, the first control circuit 117 of the first
Bluetooth circuit 110 utilizes the first Bluetooth communi-
cation circuit 111 to receive the packets with sequence
numbers transmitted from the remote Bluetooth device 102,
but the first control circuit 117 does not forward the packets
transmitted from the remote Bluetooth device 102 to other
auxiliary Bluetooth circuits through the first Bluetooth com-
munication circuit 111.

In operations, the first control circuit 117 may adopt the
Bluetooth connection parameters acquired 1n the operation
202 to conduct packet transmission with the remote Blu-
ctooth device 102 through the first Bluetooth communica-
tion circuit 111, so as to recerve various packets transmitted
from the remote Bluetooth device 102 or to transmit various
packets to the remote Bluetooth device 102. As can be
appreciated from the foregoing descriptions of the operation
202, the Bluetooth connection parameters adopted by the
first Bluetooth circuit 110 in conducting packet transmission
with the remote Bluetooth device 102 may be acquired by
itself, or may be received from other member circuits (e.g.,
the second Bluetooth circuit 120).

At each time the first Bluetooth communication circuit
111 recerves a packet transmitted from the remote Bluetooth
device 102, the first control circuit 117 of the first Bluetooth
circuit 110 may transmit a corresponding acknowledge
message to the remote Bluetooth device 102 through the first
Bluetooth communication circuit 111. If the remote Blu-
ctooth device 102 does not receive a corresponding
acknowledge message of a specific packet, 1t will retransmiut
the specific packet to the first Bluetooth commumnication
circuit 111. In practice, the first Bluetooth circuit 110 and the
remote Bluetooth device 102 may adopt various appropriate
packet handshake mechanisms to reduce or avoid packet
loss.

On the other hand, in the period during which the main
Bluetooth circuit receives the packets 1ssued from the
remote Bluetooth device 102, other member circuits acting
as the auxiliary Bluetooth circuits perform the operation 208
to continuously operate at the snithng mode to sniil the
packets with sequence numbers 1ssued from the remote
Bluetooth device 102. For example, 1n the operation 208, the
second control circuit 127 of the second Bluetooth circuit
120 may utilize the second Bluetooth communication circuit
121 to smil the packets 1ssued from the remote Bluetooth
device 102 according to the Bluetooth connection param-
cters acquired in the operation 202. In one embodiment, the
second Bluetooth communication circuit 121 may snifl all of
the Bluetooth packets 1ssued from the remote Bluetooth
device 102. In another embodiment, the second Bluetooth
communication circuit 121 only snifls the Bluetooth packets
transmitted from the remote Bluetooth device 102 to the first
Bluetooth circuit 110, but does not sniff the Bluetooth
packets transmitted from the remote Bluetooth device 102 to
devices other than the multi-member Bluetooth device 100.
As can be appreciated from the foregoing descriptions of the
operation 202, the Bluetooth connection parameters adopted
by the second Bluetooth communication circuit 121 in
smiihing the packets 1ssued from the remote Bluetooth device
102 may be acquired by itself, or may be received from other
member circuits (e.g., the first Bluetooth circuit 110).

At each time a packet 1ssued from the remote Bluetooth
device 102 1s snifled by the auxiliary Bluetooth circuit, the
auxiliary Bluetooth circuit may perform the operation 210.
In the operation 210, the auxiliary Bluetooth circuit trans-
mits a nofification message corresponding to the sniffed
packet to the main Bluetooth circuit, but does not transmit
any acknowledge message to the remote Bluetooth device
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102. For example, at each time a packet 1ssued from the
remote Bluetooth device 102 1s snmiffed by the second Blu-
ctooth circuit 120, the second control circuit 127 may
perform the operation 210 to transmit a corresponding
notification message to the first Bluetooth communication
circuit 111 of the first Bluetooth circuit 110 through the
second Bluetooth communication circuit 121, but the second
control circuit 127 does not transmit any acknowledge
message to the remote Bluetooth device 102 through the
second Bluetooth communication circuit 121.

In practice, the auxiliary Bluetooth circuit may perform
the aforementioned operation 210 only when the main
Bluetooth circuit inquires whether or not a specific packet
issued from the remote Bluetooth device 102 1s sniffed by
the auxiliary Bluetooth circuit.

In other words, 1n the period during which the auxiliary
Bluetooth circuit operates at the snifling mode, both the
main Bluetooth circuit and other auxiliary Bluetooth circuits
of this embodiment receive the packets 1ssued from the
remote Bluetooth device 102, but only the main Bluetooth
circuit transmits an acknowledge message to the remote
Bluetooth device 102 when receiving a packet, and other
auxiliary Bluetooth circuits do not transmit any acknowl-
edge message to the remote Bluetooth device 102, so as to
prevent the remote Bluetooth device 102 from misjudgment.
Since the remote Bluetooth device 102 does not aware of
that the second Bluetooth circuit 120 1s snifling the packets
1ssued from the remote Bluetooth device 102, nor does the
second Bluetooth circuit 120 transmit any corresponding
acknowledge message to the remote Bluetooth device 102,
it 1s apparent that no packet handshake procedure i1s con-
ducted between the second Bluetooth circuit 120 and the
remote Bluetooth device 102 for the packets 1ssued from the
remote Bluetooth device 102.

In this embodiment, the purpose of that the second
Bluetooth circuit 120 transmits the alforementioned notifi-
cation message to the first Bluetooth circuit 110 1s not for
conducting a packet handshake procedure with the first
Bluetooth circuit 110, but for enabling the first Bluetooth
circuit 110 to clarily whether any packet issued from the
remote Bluetooth device 102 1s missed by the second
Bluetooth circuit 120.

In addition, the purpose of that the second Bluetooth
circuit 120 transmits the aforementioned notification mes-
sage to the first Bluetooth circuit 110 1s neither for the first
Bluetooth circuit 110 to decide whether to transmit the
alorementioned acknowledge message to the remote Blu-
ctooth device 102. Belore the first control circuit 117 of this
embodiment transmits the aforementioned acknowledge
message to the remote Bluetooth device 102, the first control
circuit 117 does not check whether the first Bluetooth
communication circuit 111 has received the atorementioned
notification message transmitted from the second Bluetooth
circuit 120. Accordingly, the timing of that the first Blu-
ctooth communication circuit 111 transmits the acknowl-
edge message to the remote Bluetooth device 102 1s 1rrel-
evant to whether the first Bluetooth communication circuit
111 has received the aforementioned notification message
transmitted from the second Bluetooth circuit 120.

In practice, the aforementioned noftification message
transmitted from the second Bluetooth circuit 120 to the first
Bluetooth circuit 110 may be realized with various appro-
priate data formats. For example, when a specific Bluetooth
packet transmitted from the remote Bluetooth device 102 1s
received by the second Bluetooth circuit 120, the second
control circuit 127 may extract a corresponding sequence
number from the specific Bluetooth packet, and combine or
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encode the sequence number with a device identification
code or a device identification data for identifying the
second Bluetooth circuit 120 to form a notification message
corresponding to the specific Bluetooth packet. For another
example, the second control circuit 127 may extract appro-
priate packet 1dentification data from the specific Bluetooth
packet, and combine or encode the packet identification data
with the device identification code or the device 1dentifica-
tion data for identifying the second Bluetooth circuit 120 to
form the notification message corresponding to the specific
Bluetooth packet.

As can be appreciated from the foregoing descriptions, 1n
the pertod during which the remote Bluetooth device 102
successively 1ssues multiple Bluetooth packets, each of the
auxiliary Bluetooth circuits repeats the aforementioned
operation 208 and operation 210 to thereby transmit multiple
notification messages to the first Bluetooth circuit 110 in
normal situation. For example, the second Bluetooth circuit
120 may repeat the operation 208 and the operation 210 to
transmit multiple notification messages respectively corre-
sponding to the multiple Bluetooth packets issued from the
remote Bluetooth device 102 to the first Bluetooth circuit
110.

In practical operations, respective auxiliary Bluetooth
circuit might miss some packets i1ssued from the remote
Bluetooth device 102, and different auxiliary Bluetooth
circuits might miss different packets or different quantities
of packets. Accordingly, the main Bluetooth circuit may
intermittently or periodically perform the operation 212 to
determine whether each auxiliary Bluetooth circuit has
missed some packets 1ssued from the remote Bluetooth
device 102 according to the multiple notification messages
transmitted from respective auxiliary Bluetooth circuit.

In the operation 212, for example, the first control circuit
117 of the first Bluetooth circuit 110 may examine whether
some packets 1ssued from the remote Bluetooth device 102
are missed by the second Bluetooth circuit 120 according to
the multiple notification messages transmitted from the
second Bluetooth circuit 120. The first packet parsing circuit
113 may parse multiple sequence numbers or multiple
packet identification data from the multiple notification
messages transmitted from the second Bluetooth circuit 120.
The first control circuit 117 may check whether these
sequence numbers or packet identification data are consecu-

tive, so as to examine whether some packets 1ssued from the
remote Bluetooth device 102 are missed by the second
Bluetooth circuit 120. In the situation where the aforemen-
tioned sequence numbers or packet identification data are
not consecutive, the first control circuit 117 then can deter-
mine that the packets corresponding to the missing sequence
numbers or packet identification data are missed by the
second Bluetooth circuit 120. According to the missing
sequence numbers or missing packet identification data, the
first control circuit 117 can further identify which packets
are missed by the second Bluetooth circuit 120.

As can be appreciated from the foregoing descriptions, a
packet handshake mechanism 1s adopted between the first
Bluetooth circuit 110 and the remote Bluetooth device 102,
thus the first Bluetooth circuit 110 should be able to suc-
cessiully acquire all of the packets 1ssued from the remote
Bluetooth device 102 1n normal situation.

If the first conftrol circuit 117 determines that some
packets 1ssued from the remote Bluetooth device 102 are
missed by a specific auxiliary Bluetooth circuit, the first
control circuit 117 performs the operation 214 to transmit
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the packets missed by the auxiliary Bluetooth circuit to the
auxiliary Bluetooth circuit through the first Bluetooth com-
munication circuit 111.

For example, 1n the situation where the first control circuit
117 determines that a specific packet i1ssued from the remote
Bluetooth device 102 1s missed by the second Bluetooth
circuit 120, the first control circuit 117 may perform the
operation 214 to transmit the packet missed by the second
Bluetooth circuit 120 to the second Bluetooth circuit 120
through the first Bluetooth communication circuit 111.

In this situation, the second Bluetooth circuit 120 per-
forms the operation 216 to receive the packet transmitted
from the first Bluetooth circuit 110 through the second
Bluetooth communication circuit 121. In other words, 1n the
period during which the second Bluetooth circuit 120 oper-
ates at the snifling mode, the second control circuit 127 may
utilize the second Bluetooth commumnication circuit 121 to
receive the packets transmitted from the first Bluetooth
circuit 110 so as to acquire the packets issued from the
remote Bluetooth device 102 but missed by the second
Bluetooth communication circuit 121.

By repeating the aforementioned operations, the second
Bluetooth circuit 120 may acquire all of the missed packets
with the assistance of the first Bluetooth circuit 110. Simi-
larly, the first Bluetooth circuit 110 may assist other auxil-
1ary Bluetooth circuits to acquire the missed packets by
adopting the aforementioned approach.

In the period during which the auxiliary Bluetooth circuit
operates at the snifhing mode, 1f an auxiliary Bluetooth
circuit needs to transmit instructions, data or related packets
to the remote Bluetooth device 102, the instructions, data or
related packets need to be forwarded to the remote Bluetooth
device 102 through the main Bluetooth circuit. For example,
if the second Bluetooth circuit 120 needs to transmit the
instructions, data or related packets to the remote Bluetooth
device 102, the second Bluetooth circuit 120 needs to
transmit the aforementioned instructions, data or related
packets through the second Bluetooth communication cir-
cuit 121 to the first Bluetooth circuit 110 which plays the
role of the main Bluetooth circuit, and then the first Blu-
ctooth circuit 110 will forward the aforementioned 1nstruc-
tions, data or related packets to the remote Bluetooth device
102, so as to avoid the remote Bluetooth device 102 {from
packet contlict.

In other words, in the period during which the auxihiary
Bluetooth circuit operates at the smiling mode, all of the
member circuits of the multi-member Bluetooth device 100
would receive the packets 1ssued from the remote Bluetooth
device 102, but only the main Bluetooth circuit 1s allowed to
transmit 1nstructions, data or other related packets to the
remote Bluetooth device 102.

As can be appreciated from the foregoing descriptions,
the first Bluetooth circuit 110 and the remote Bluetooth
device 102 adopt appropriate packet handshake mechanism
to avoid packet loss. In addition, the timing of that the first
Bluetooth communication circuit 111 transmits the acknowl-
edge message to the remote Bluetooth device 102 1s 1rrel-
evant to whether the first Bluetooth communication circuit
111 has received the atorementioned notification message
from the second Bluetooth circuit 120.

Accordingly, the operation of that other auxiliary Blu-
ctooth circuits transmit corresponding notification messages
to the first Bluetooth circuit 110 when they receive the
packets 1ssued from the remote Bluetooth device 102 would
not cause interference or delay to the packet handshake
procedure conducted between the first Bluetooth circuit 110
and the remote Bluetooth device 102, neither would 1t cause
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additional operating burden on the first Bluetooth circuit 110
in conducting the aforementioned packet handshake proce-
dure.

On the other hand, since other auxiliary Bluetooth circuits
(e.g., the aforementioned second Bluetooth circuit 120 and
the third Bluetooth circuit 130) in the multi-member Blu-
ctooth device 100 smil the packets 1ssued from the remote
Bluetooth device 102, each of the auxiliary Bluetooth cir-
cuits may acquire most of the packets 1ssued from the remote
Bluetooth device 102 1n normal situation. Theretore, the first
Bluetooth circuit 110 currently acting as the main Bluetooth
circuit only needs to transmit the packets missed by respec-
tive auxiliary Bluetooth circuits to the corresponding aux-
iliary Bluetooth circuit, and does not need to transmit all of
the packets 1ssued from the remote Bluetooth device 102 to
cach of the auxiliary Bluetooth circuits.

Therefore, the multi-member Bluetooth device 100 could
significantly reduce the packet forward loading of the main
Bluetooth circuit (e.g., the first Bluetooth circuit 110 in this
embodiment) by adopting the approach of FIG. 2 to interact
with the remote Bluetooth device 102, thereby reducing the
power consumption of the main Bluetooth circuit. In this
way, the serving time and the standby time of the main
Bluetooth circuit can be eflectively extended.

Additionally, adopting the approach of FIG. 2 can also
significantly reduce the bandwidth requirement for data
transmission between the main Bluetooth circuit and other
member circuits, and thus it could simplity the hardware
design of the main Bluetooth circuit and other member
circuits, and/or reduce the circuit complexity and circuit cost
of the main Bluetooth circuit and other member circuits.

In operations, various existing data synchronization
mechanisms may be adopted between the main Bluetooth
circuit and other auxiliary Bluetooth circuits to ensure that
different member circuits are able to synchronically play-
back the multimedia data transmitted from the remote Blu-
ctooth device 102, thereby avoiding the situation where
different member circuits have inconsistent playback tim-
ings from occurring.

As can be appreciated from the foregoing descriptions, 1n
the period during which the auxiliary Bluetooth circuit
operates at the snifling mode, although the main Bluetooth
circuit and the auxiliary Bluetooth circuit do not exchange
their roles with each other, the data type of the packets
transmitted from the remote Bluetooth device 102 to the
multi-member Bluetooth device 100 may change as the user
changes the operation scenario of the multi-member Blu-
ctooth device 100. When the data type of the packets 1ssued
from the remote Bluetooth device 102 changes, 1f the
cooperation between the main Bluetooth circuit and the
auxiliary Bluetooth circuit does not adjust adaptively, it may
cause the main Bluetooth circuit to be unable to effectively
confirm whether the auxiliary Bluetooth circuit misses any
packet, may cause the auxiliary Bluetooth circuit to easily
miss packets and thus unable to complete specific operation
(e.g., irmware update), and/or may degrade the overall
operating performance of the multi-member Bluetooth
device 100. In some situations, 1t may reduce the service life
or standby time of the auxiliary Bluetooth circuit or the main
Bluetooth circuit. In addition, 1n respect to some conven-
tional multi-member Bluetooth devices realized with wire-
less Bluetooth earphones, 1f the user wants to change the
operation scenario ol the multi-member Bluetooth device,
the user usually has to temporarily take off the multi-
member Bluetooth device and place the multi-member Blu-
ctooth device 1nto a specific equipment (e.g., an earphone
charging stand or an earphone charging case), so as to
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conduct a specific operation (e.g., update the firmware of the
multi-member Bluetooth device), which would obviously
cause mconvenience in the usage for the user.

In this embodiment, as shown i1n FIG. 3, in the period
during which the auxiliary Bluetooth circuit operates at the
sm:ﬁng mode, the first Bluetooth circuit 110 acting as the
main Bluetooth circuit may further perform the operation
302 intermittently to check the data type of the packets
transmitted from the remote Bluetooth device 102. For
example, the first control circuit 117 of the first Bluetooth
circuit 110 may utilize the first packet parsing circuit 113 to
parse contents ol packets received by the first Bluetooth
communication circuit 111 (i.e., packets transmitted from
the remote Bluetooth device 102) and check the data type of
the above packets. In practice, the first control circuit 117
may read contents from a sequence number field in the
packet transmitted from the remote Bluetooth device 102, so
as to classity the data type of the packet to be either data with
a sequence number or data without having sequence num-
bers.

Then, the first control circuit 117 may perform the opera-
tion 304 to determine whether the data type of the packets
transmitted from the remote Bluetooth device 102 changes.
In practice, the first control circuit 117 may temporarily store
the data type of packets transmitted earlier from the remote
Bluetooth device 102 in an appropriate storage circuit
(which 1s not shown 1n figures), so as to compare the data
type of the packets transmitted earlier to the data type of
packets transmitted currently from the remote Bluetooth
device 102. In the operation 304, the first control circuit 117
may compare the data type of the packets transmitted earlier
with the data type of the packets transmitted currently from
the remote Bluetooth device 102 so as to determine whether
the data type of packets transmitted from the remote Blu-
ctooth device 102 changes from data with a sequence
number to data without having sequence numbers.

If the data type of the packets transmitted currently from
the remote Bluetooth device 102 1s still data with a sequence
number, 1t usually means that the operation scenario of the
multi-member Bluetooth device 100 does not change. In this
situation, the first Bluetooth circuit 110 may repeat the
alforementioned operation 206, operation 212, and operation
214, and the second Bluetooth circuit 120 may continue to
operate at the snifling mode.

On the contrary, 1f the data type of the packets transmitted
currently from the remote Bluetooth device 102 changes to
be data without having sequence numbers, it usually means
that the operation scenario of the multi-member Bluetooth
device 100 has changed. When the data type of the packets
transmitted from the remote Bluetooth device 102 changes
to data without having sequence numbers, 1t 1s more dithcult
for the main Bluetooth circuit to effectively confirm whether
the auxiliary Bluetooth circuit misses any packet, therefore
it may cause the auxiliary Bluetooth circuit to easily miss
packets and thus unable to complete specific operation (e.g.,
firmware update). In this situation, the first Bluetooth circuit
110 may perform the operation 306.

In the operation 306, the first control circuit 117 of the first
Bluetooth circuit 110 generates a first mode-switching
instruction for instructing the second Bluetooth circuit 120
to switch from the smiling mode to the relay mode, and

transmits the first mode-switching instruction to the second
Bluetooth circuit 120 through the first Bluetooth communi-

cation circuit 111.
In the operation 308, the second Bluetooth communica-
tion circuit 121 recerves the first mode-switching instruction

transmitted from the first Bluetooth circuit 110, and the
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second control circuit 127 switches the operation mode of
the second Bluetooth circuit 120 from the snifling mode to
the relay mode according to the first mode-switching
instruction.

Then, the first Bluetooth circuit 110 performs operation
310, and the second Bluetooth circuit 120 performs opera-
tion 312.

In the operation 310, the first control circuit 117 of the first
Bluetooth circuit 110 utilizes the first Bluetooth communi-
cation circuit 111 to receive the packets without having
sequence numbers transmitted from the remote Bluetooth
device 102 and forwards the received packets to the second
Bluetooth circuit 120 through the first Bluetooth communi-
cation circuit 111.

In the operation 312, the second control circuit 127
controls the second Bluetooth circuit 120 to operate at the
relay mode and utilizes the second Bluetooth communica-
tion circuit 121 to receive the packets without having
sequence numbers forwarded from the first Bluetooth circuit
110. But in the period during which the second Bluetooth
circuit 120 operates at the relay mode, the second control
circuit 127 does not utilize the second Bluetooth commu-
nication circuit 121 to smiff the packets issued from the
remote Bluetooth device 102. In other words, in the period
during which the second Bluetooth circuit 120 operates at
the relay mode, the second Bluetooth circuit 120 indirectly
acquires the packets issued from the remote Bluetooth
device 102 through the first Bluetooth circuit 110.

As can be appreciated from the foregoing descriptions, 1n
the period during which the second Bluetooth circuit 120
acting as the auxiliary Bluetooth circuit operates at the
sm:ﬁng mode, the first Bluetooth circuit 110 acting as the
main Bluetooth circuit intermittently checks and determines
whether the data type of the packets transmitted from the
remote Bluetooth device 102 changes from data with a
sequence number to data without having sequence numbers.
The first Bluetooth circuit 110 does not instruct the second
Bluetooth circuit 120 to switch to the relay mode as long as
the data type of the packets transmitted from the remote
Bluetooth device 102 1s still data with a sequence number.
In this situation, the first Bluetooth circuit 110 only needs to
transmit the packets missed by the second Bluetooth circuit
120 to the second Bluetooth circuit 120, and does not need
to forward all of the packets 1ssued from the remote Blu-
etooth device 102 to the second Bluetooth circuit 120, and
thus 1t can reduce the operating loading, the power con-
sumption, and the heat generation of the first Bluetooth
circuit 110, and also extend the serving time and the standby
time of the first Bluetooth circuit 110, and reducing the
bandwidth requirement for data transmission between the
first Bluetooth circuit 110 and the second Bluetooth circuit
120

The first Bluetooth circuit 110 1nstructs the second Blu-
ctooth circuit 120 to switch 1ts operation mode from the
smiiling mode to the relay mode only 11 the data type of the
packets transmitted from the remote Bluetooth device 102
changes from data with a sequence number to data without
having sequence numbers. In this situation, the first Blu-
ctooth circuit 110 would forward all of the packets 1ssued
from the remote Bluetooth device 102 to the second Blu-
etooth circuit 120, and the second Bluetooth circuit 120
would stop snitling the packets 1ssued from the remote
Bluetooth device 102, and thus it can effectively avoid the
second Bluetooth circuit 120 from missing packets. As a
result, 1t can avoid the second Bluetooth circuit 120 from not
completing a specific operation (e.g., firmware update) due
to missing packets.
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Similarly, the multi-member Bluetooth device 100 may
adaptively switch the operation mode of the third Bluetooth
circuit 130 according to the change of the data type of the
packets transmitted from the remote Bluetooth device 102 as
claborated above.

Therefore, by adopting the operation methods of afore-
mentioned FIG. 2 and FIG. 3, the main Bluetooth circuit of
the multi-member Bluetooth device 100 may adaptively
switch the operation mode of the auxiliary Bluetooth circuit
from the smiiling mode to the relay mode and correspond-
ingly change the cooperation between the main Bluetooth
circuit and the auxiliary Bluetooth circuit, when the data
type of the packets transmitted from the remote Bluetooth
device 102 changes from data with a sequence number to
data without having sequence numbers. In this way, it can
cllectively avoid the auxiliary Bluetooth circuit from not
completing the specific operation (e.g., firmware update)
due to missing packets, thereby improving the overall per-
formance of the multi-member Bluetooth device 100,
extending the service life of the Bluetooth circuit, or improv-
ing the user’s experience.

Moreover, 1n some applications where the multi-member
Bluetooth device 100 1s realized with wireless Bluetooth
carphones, the user may suddenly want to update the firm-
ware of the multi-member Bluetooth device 100 when
utilizing the multi-member Bluetooth device 100 to play-
back the multimedia data transmitted from the remote Blu-
ctooth device 102. In this situation, by adopting the afore-
mentioned operation methods i FIG. 2 and FIG. 3, the
multi-member Bluetooth device 100 1s enabled to allow the
user to pause the multimedia playback operation of the
multi-member Bluetooth device 100 at any time during
utilizing the multi-member Bluetooth device 100 to play-
back the multimedia data transmitted from the remote Blu-
ctooth device 102, and then to mampulate the remote
Bluetooth device 102 to transmit the required program data
or updating module for updating the firmware of the multi-
member Bluetooth device 100 to the multi-member Blu-
ctooth device 100. More important, in the period during
which the atorementioned operation scenario switches, the
user does not need to temporarily take off the multi-member
Bluetooth device 100 from ears and place the multi-member
Bluetooth device 100 into a specific equipment (e.g., an
carphone charging stand or an earphone charging case), and
thereol it can obviously improve the operational conve-
nience for the user when utilizing the multi-member Blu-
etooth device 100.

In the aforementioned embodiment of FIG. 2 through
FIG. 3, in the period during which the auxiliary Bluetooth
circuit operates at the sniffing mode, the multi-member
Bluetooth device 100 checks and determines whether the
data type of the packets transmitted from the remote Blu-
ctooth device 102 changes from data with the sequence
numbers to data without having sequence numbers, and then
decides whether to switch the operation mode of the auxil-
1ary Bluetooth circuit from the snifling mode to the relay
mode according to the result of determination. But this 1s
merely one embodiment, rather than a restriction to practical
implements of this disclosure. In practice, the multi-member
Bluetooth device 100 may dynamically determine whether
to switch the operation mode of the auxiliary Bluetooth
circuit according to changes of the data type of the packets
transmitted from the remote Bluetooth device 102 m the
period during which the auxiliary Bluetooth circuit operates
at the relay mode.
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For example, FIGS. 4-5 collectively show a simplified
flowchart of an operation method of the multi-member
Bluetooth device 100 according to a second embodiment of
the present disclosure.

As shown 1in FIG. 4, when the user wants to utilize the
multi-member Bluetooth device 100 to receive packets
without having sequence numbers (e.g., non-multimedia
data such as program data, update modules, or the like)
1ssued from the remote Bluetooth device 102, the multi-
member Bluetooth device 100 may perform the aforemen-
tioned operation 202 first to acquire the Bluetooth connec-
tion parameters for use in recerving the packets 1ssued from
the remote Bluetooth device 102. The aforementioned
descriptions regarding the operation methods and vanations
of the embodiments of the operation 202 1n FIG. 2 are also
applicable to the embodiments in FIG. 4.

For the convenience of description, 1t 1s similarly assumed
hereinaiter that the first Bluetooth circuit 110 1s the member
circuit being currently selected among the multi-member
Bluetooth device 100 to perform the major duty of receiving
the packets 1ssued from the remote Bluetooth device 102,
and each of the other member circuits (for example, the
aforementioned second Bluetooth circuit 120 and the third
Bluetooth circuit 130) acts as an auxiliary Bluetooth circuit.

In the operation 404, through the first Bluetooth commu-
nication circuit 111, the first Bluetooth circuit 110 may
inform other member circuits in the multi-member Blu-
ctooth device 100 (e.g., the atorementioned second Blu-
ctooth circuit 120 and third Bluetooth circuit 130) of that the
first Bluetooth circuit 110 will play the role of the main
Bluetooth circuit in the following stage, and may instruct
cach of other member circuits to play the role of the
auxiliary Bluetooth circuit and to operate at the relay mode.
That 1s, the first Bluetooth circuit 110 will perform the major
operation of receiving the packets issued from the remote
Bluetooth device 102 in the following stage, and other
member circuits only need to receive the packets forwarded
from the first Bluetooth circuit 110 and do not need to sniff
the packets 1ssued from the remote Bluetooth device 102,
and the other member circuits are not allowed to transmit
instructions, data, or other related packets to the remote
Bluetooth device 102.

Afterwards, in the period during which the auxihary
Bluetooth circuit operates at the relay mode, the first Blu-
ctooth circuit 110 performs the operation 406.

In the operation 406, the first control circuit 117 of the first
Bluetooth circuit 110 may utilize the first Bluetooth com-
munication circuit 111 to receive the packets without having
sequence numbers transmitted from the remote Bluetooth
device 102, and the first control circuit 117 may also forward
the packets without having sequence numbers transmitted
from the remote Bluetooth device 102 to the other auxiliary
Bluetooth circuits through the first Bluetooth communica-
tion circuit 111. For example, the first control circuit 117
may forward the packets without having sequence numbers
transmitted from the remote Bluetooth device 102 to the
second Bluetooth circuit 120 through the first Bluetooth
communication circuit 111.

In operations, the first control circuit 117 may adopt the
Bluetooth connection parameters acquired 1n the operation
202 to conduct packet transmission with the remote Blu-
ctooth device 102 through the first Bluetooth communica-
tion circuit 111, so as to recerve various packets transmitted
from the remote Bluetooth device 102 or to transmit various
packets to the remote Bluetooth device 102. As can be
appreciated from the foregoing descriptions of the operation
202, the Bluetooth connection parameters adopted by the
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first Bluetooth circuit 110 1n conducting packet transmission
with the remote Bluetooth device 102 may be acquired by
itself, or may be received from other member circuits (e.g.,
the second Bluetooth circuit 120).

As can be appreciated from the foregoing descriptions,
the first Bluetooth circuit 110 and the remote Bluetooth
device 102 may adopt various appropriate packet handshake
mechanisms to reduce or avoid packet loss.

In the operation 408, the auxiliary Bluetooth circuit
operates at the relay mode to receive the packets without
having sequence numbers forwarded from the first Bluetooth
circuit 110. In the period during which the auxiliary Blu-
ctooth circuit operates at the relay mode, the auxihary
Bluetooth circuit does not snifl the packets 1ssued from the
remote Bluetooth device 102. In addition, in the period
during which the auxiliary Bluetooth circuit operates at the
snifling mode, if the auxiliary Bluetooth circuit needs to
transmit instructions, data, or related packets to the remote
Bluetooth device 102, the auxiliary Bluetooth circuit has to
forward the instructions, data, or related packets to the
remote Bluetooth device 102 through the main Bluetooth
circuit.

In the operation 408, for example, the second control
circuit 127 may control the second Bluetooth circuit 120 to
operate at the relay mode, and may utilize the second
Bluetooth communication circuit 121 to receive the packets
without having sequence numbers forwarded from the first
Bluetooth circuit 110, but does not utilize the second Blu-
ctooth communication circuit 121 to smil the packets 1ssued
from the remote Bluetooth device 102. That i1s, 1n the period
during which the second Bluetooth circuit 120 operates at
the relay mode, the second Bluetooth circuit 120 indirectly
acquires the packets without having sequence numbers
issued from the remote Bluetooth device 102 through the
first Bluetooth circuit 110. If the second Bluetooth circuit
120 needs to transmit instructions, data, or related packets to
the remote Bluetooth device 102 during this period, the
second Bluetooth circuit 120 has to transmit the above
instructions, data, or related packets to the first Bluetooth
circuit 110 acting as the main Bluetooth circuit through the
second Bluetooth communication circuit 121 and forward
the above instructions, data, or related packets to the remote
Bluetooth device 102 through the first Bluetooth circuit 110
so as to avoid the remote Bluetooth device 102 from packet
conflict.

As shown i FIG. 4, in the period during which the
auxiliary Bluetooth circuit operates at the relay mode, the
main Bluetooth circuit may further perform the operation
410 intermittently to check the data type of the packets
transmitted from the remote Bluetooth device 102. For
example, 1n the operation 410, the first control circuit 117 of
the first Bluetooth circuit 110 may utilize the first packet
parsing circuit 113 to parse contents 1 a particular field of
the packets received by the first Bluetooth communication
circuit 111 (1.e., packets transmitted from the remote Blu-
ctooth device 102) so as to acquire the data type of the above
packets. In practice, the first control circuit 117 may read
contents from a sequence number field 1n the packet trans-
mitted from the remote Bluetooth device 102 or contents
from other predetermined fields, so as to classily the data
type of the packet to be either data with a sequence number
or data without having sequence numbers.

Then, the first control circuit 117 of this embodiment may
perform the operation 412 to determine whether the data
type of the packets transmitted from the remote Bluetooth
device 102 changes. In practice, the first control circuit 117
may temporarily store the data type of the packets transmit-
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ted earlier from the remote Bluetooth device 102 in an
appropriate storage circuit (which 1s not shown 1n figures),
so as to compare the data type of the packets transmitted
carlier to the data type of the packets transmitted currently
from the remote Bluetooth device 102.

I1 the data type of the packets transmitted currently from
the remote Bluetooth device 102 is still data without having
sequence numbers, it usually means that the operation
scenario of the multi-member Bluetooth device 100 does not
change. In this situation, the first Bluetooth circuit 110 may
repeat the atorementioned operation 406, operation 410, and
operation 412, and the second Bluetooth circuit 120 may
continue to operate at the relay mode.

On the contrary, if the data type of the packets transmitted
currently from the remote Bluetooth device 102 changes to
be data with a sequence number, 1t usually means that the
operation scenario of the multi-member Bluetooth device
100 has changed. In this situation, the first Bluetooth circuit
110 may perform the operation 502 1n FIG. 5

In the operation 502, the first control circuit 117 of the first
Bluetooth circuit 110 generates a second mode-switching
istruction for mstructing the second Bluetooth circuit 120

L ] [

to switch from the relay mode to the snifling mode, and
transmits the second mode-switching instruction to the sec-
ond Bluetooth circuit 120 through the first Bluetooth com-
munication circuit 111.

In the operation 504, the second Bluetooth communica-
tion circuit 121 recerves the second mode-switching mnstruc-
tion transmitted from the first Bluetooth circuit 110, and the
second control circuit 127 switches the operation mode of
the second Bluetooth circuit 120 from the relay mode to the
snmifling mode according to the second mode-switching
instruction.

Then, the first Bluetooth circuit 110 performs the opera-
tion 506, and the second Bluetooth circuit 120 performs the

operation 308.

In the operation 506, the first control circuit 117 of the first
Bluetooth circuit 110 utilizes the first Bluetooth communi-
cation circuit 111 to receive the packets with sequence
numbers transmitted from the remote Bluetooth device 102,

but the first control circuit 117 does not forward the packets
transmitted from the remote Bluetooth device 102 to the
second Bluetooth circuit 120 through the first Bluetooth
communication circuit 111.

In the operation 508, the second control circuit 127 of the
second Bluetooth circuit 120 may utilize the second Blu-
ctooth communication circuit 121 to snifl the packets with
sequence numbers 1ssued from the remote Bluetooth device
102 according to the Bluetooth connection parameters
acquired 1n the operation 202. In one embodiment, the
second Bluetooth communication circuit 121 may snifl all of
the Bluetooth packets 1ssued from the remote Bluetooth
device 102. In another embodiment, the second Bluetooth
communication circuit 121 only sniffs the Bluetooth packets
transmitted from the remote Bluetooth device 102 to the first
Bluetooth circuit 110, but does not snifl the Bluetooth
packets transmitted from the remote Bluetooth device 102 to
devices other than the multi-member Bluetooth device 100.
As described previously regarding the operation 202, the
Bluetooth connection parameters utilized by the second
Bluetooth communication circuit 121 1n snifling the packets
issued from the remote Bluetooth device 102 may be
acquired by the second Bluetooth circuit 120, or may be
transmitted from other member circuits (e.g., the first Blu-

ctooth circuit 110).
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Then, the multi-member Bluetooth device 100 may per-
form the aforementioned operation 210 through operation
216 1n FIG. 2.

As can be appreciated from the foregoing descriptions, 1n
the period during which the second Bluetooth circuit 120
acting as the auxiliary Bluetooth circuit operates at the relay
mode, the first Bluetooth circuit 110 acting as the main
Bluetooth circuit intermittently checks and determines
whether the data type of the packets transmitted from the
remote Bluetooth device 102 changes from data without
having sequence numbers to data with a sequence number.
The first Bluetooth circuit 110 does not nstruct the second
Bluetooth circuit 120 to switch to the snifling mode as long
as the data type of the packets transmitted from the remote
Bluetooth device 102 1s still data without having sequence
numbers, so as to avoid the difliculty of confirming whether
the second Bluetooth circuit 120 misses any packets 1ssued
from the remote Bluetooth device 102 in the following
stages.

The first Bluetooth circuit 110 would 1nstruct the second
Bluetooth circuit 120 to switch the operation mode from the
relay mode to the snithing mode only 1f the data type of the
packets transmitted from the remote Bluetooth device 102
changes from data without having sequence numbers to data
with a sequence number. After the second Bluetooth circuit
120 switches to the snifling mode, the first Bluetooth circuit
110 only needs to transmit the packets missed by the second
Bluetooth circuit 120 to the second Bluetooth circuit 120,
and does not need to forward all of the packets 1ssued from
the remote Bluetooth device 102 to the second Bluetooth
circuit 120, thus the operating burden, power consumption,
and heat generation of the first Bluetooth circuit 110 can be
reduced, the serving time and the standby time of the first
Bluetooth circuit 110 can be extended, and the bandwidth
requirement for data transmission between the first Blu-
ctooth circuit 110 and the second Bluetooth circuit 120 can
be reduced.

Similarly, the multi-member Bluetooth device 100 may
adaptively switch the operation mode of the third Bluetooth
circuit 130 according to the change of the data type of the
packets transmitted from the remote Bluetooth device 102 as
claborated above.

Accordingly, by adopting the operation approach
described in the alorementioned FIG. 4 and FIG. 5, the main
Bluetooth circuit of the multi-member Bluetooth device 100
may adaptively switch the operation mode of the auxiliary
Bluetooth circuit from the relay mode to the smiling mode,
and correspondingly adjust the cooperation between the
main Bluetooth circuit and the auxiliary Bluetooth circuit
when the data type of the packets transmitted from the
remote Bluetooth device 102 changes from data without
having sequence numbers to data with a sequence number.
Theretore, the multi-member Bluetooth device 100 1s
capable of achieving various management mechanisms,
such as load balancing, power consumption balancing, or
heat generation balancing among the multiple member cir-
cuits, thereby improving the overall performance of the
multi-member Bluetooth device 100, increasing the service
life of the Bluetooth circuit, or improving the user experi-
ences.

Please refer to FIG. 6 and F1G. 7, which collectively show
a simplified flowchart of an operation method of the multi-
member Bluetooth device 100 according to a third embodi-
ment of the present disclosure.

In the embodiments of FIG. 6 and FIG. 7, 1n the period
during which the auxiliary Bluetooth circuit operates at the
relay mode, the first Bluetooth circuit 110 acting as the main
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Bluetooth circuit performs the operation 410 intermittently
to check the data type of the packets transmitted from the
remote Bluetooth device 102. However, after the first Blu-
ctooth circuit 110 of this embodiment performs the operation
410, the first Bluetooth circuit 110 does not perform the
alorementioned operation 412 but performs the operation
612 1n FIG. 6 to generate and transmit a corresponding data
type notification to respective auxiliary Bluetooth circuits.

For example, the first control circuit 117 may generate a
data type notification corresponding to the data type of the
packet transmitted currently from the remote Bluetooth
device 102 and transmit the data type notification to all of
the auxiliary Bluetooth circuits through the first Bluetooth
communication circuit 111 in the operation 612. In practice,
the above data type notification may be realized with various
appropriate message formats.

In the operation 614, the auxiliary Bluetooth circuit
receives the data type notification transmitted from the first
Bluetooth circuit 110 and determines whether the data type
of the packets transmitted from the remote Bluetooth device
102 changes or not according to the data type notification.
For example, the second Bluetooth circuit 120 may receive
the data type notification transmitted from the first Bluetooth
circuit 110 through the second Bluetooth communication
circuit 121 in the operation 614, and the second control
circuit 127 may determine whether the data type of the
packets transmitted from the remote Bluetooth device 102
changes or not according to the data type notification. In
practice, the second control circuit 127 may temporarily
store the data type notification transmitted earlier from the
first Bluetooth circuit 110 1n an approprate storage circuit
(which 1s not shown in figures), so as to compare the data
type notification transmitted earlier to the data type notifi-
cation transmitted currently from the first Bluetooth circuit
110.

If the current data type notification shows that the data
type of the packet of the remote Bluetooth device 102 1s still
data without having sequence numbers, it usually means that
the operation scenario of the multi-member Bluetooth
device 100 does not change. In this situation, the second
Bluetooth circuit 120 may repeat the atorementioned opera-
tion 408 to continue to operate at the relay mode.

On the contrary, 1 the current data type notification shows
that the data type of the packet of the remote Bluetooth
device 102 changes to be data with a sequence number, 1t
usually means that the operation scenario of the multi-
member Bluetooth device 100 has changed. In this situation,
the second control circuit 127 may perform the operation
616 to generate a second mode-switching request and trans-
mit the second mode-switching request to the first Bluetooth

circuit 110 through the second Bluetooth communication
circuit 121.

In the operation 618, the first Bluetooth circuit 110
receives the second mode-switching request transmitted
from the second Bluetooth circuit 120 through the first
Bluetooth communication circuit 111.

Afterwards, the first Bluetooth circuit 110 would perform
the operation 702 1 FIG. 7. In the operation 702, the first
control circuit 117 of the first Bluetooth circuit 110 deter-
mines whether to permit the second Bluetooth circuit 120 to
switch the operation mode. In this embodiment, after recerv-
ing the alorementioned second mode-switching request, the
first control circuit 117 may determine whether to permait the
second Bluetooth circuit 120 to switch the operation mode
according to predetermined rules, and may perform corre-
sponding subsequent operations according to the determin-
ing result.
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If the first control circuit 117 decides not to permit the
second Bluetooth circuit 120 to switch the operation mode
alter the determining operation, then the first control circuit
117 may perform the operation 704. On the contrary, i1i the
first control circuit 117 decides to permit the second Blu-
ctooth circuit 120 to switch the operation mode after the
determining operation, then the first control circuit 117 may
perform the alorementioned operation 502.

The second Bluetooth circuit 120 1s allowed to switch
from the relay mode to the snifling mode after the first
Bluetooth circuit 110 permits the second Bluetooth circuit
120 to switch the operation mode, and 1n the following stage,
the second Bluetooth circuit 120 would snifl the packets
issued from the remote Bluetooth device 102 by itself.
Accordingly, the first Bluetooth circuit 110 does not need to
torward the packets 1ssued from the remote Bluetooth device
102 to the second Bluetooth circuit 120. As a result, it may
increase the computing loading, power consumption, or heat
generation ol the second Bluetooth circuit 120, but 1t
decreases the bandwidth requirement for data transmission
between the first Bluetooth circuit 110 and the second
Bluetooth circuit 120, and also decreases the computing
loading, power consumption, or heat generation of the first
Bluetooth circuit 110.

Therefore, after receiving the aforementioned second
mode-switching request, the first control circuit 117 may
evaluate 1f there exist any reasons showing that it 1s not
suitable for switching the operation mode of the second
Bluetooth circuit 120 at the time being. If not, then the first
control circuit 117 may permit the second Bluetooth circuit
120 to switch the operation mode. For example, the first
control circuit 117 may permit the second Bluetooth circuit
120 to switch the operation mode only 1f the current com-
puting loading of the second Bluetooth circuit 120 1s below
a predetermined level, the remaining power of the second
Bluetooth circuit 120 exceeds a predetermined threshold,
and/or the temperature of the second Bluetooth circuit 120
1s lower than a predetermined temperature. For another
example, the first control circuit 117 may permit the second
Bluetooth circuit 120 to switch the operation mode only 1f
the current computing loading of the first Bluetooth circuit
110 1s above a predetermined level, the remaining power of
the first Bluetooth circuit 110 falls behind a predetermined
threshold, and/or the temperature of the first Bluetooth
circuit 110 1s higher than a predetermined temperature.

In the operation 704, the first control circuit 117 may
generate a rejection message which represents that the first
Bluetooth circuit 110 does not permit the second Bluetooth
circuit 120 to switch the operation mode, and transmits the
rejection message to the second Bluetooth circuit 120
through the first Bluetooth communication circuit 111.

In the operation 706, the second Bluetooth circuit 120
may receive the rejection message transmitted from the first
Bluetooth circuit 110 through the second Bluetooth com-
munication circuit 121. In this situation, the second control
circuit 127 controls the second Bluetooth circuit 120 to
continue to operate at the relay mode according to the
instruction of the rejection message and repeat the alore-
mentioned operation 408.

In the operation 502, the first control circuit 117 generates
a second mode-switching instruction for instructing the
second Bluetooth circuit 120 to switch from the relay mode
to the snitling mode, and transmit the second mode-switch-
ing instruction to the second Bluetooth circuit 120 through
the first Bluetooth communication circuit 111.

In the operation 504, the second Bluetooth communica-
tion circuit 121 recerves the second mode-switching mnstruc-
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tion transmitted from the first Bluetooth circuit 110, and the
second control circuit 127 switches the operation mode of
the second Bluetooth circuit 120 from the relay mode to the
smiling mode according to the second mode-switching
instruction.

Afterwards, the multi-member Bluetooth device 100 may
perform the aforementioned operation 506, operation 508,
and operation 210 through operation 216.

Please note that the atorementioned operation approach
that the first control circuit 117 first performs the determi-
nation procedure of the operation 702 and then performs the
operation 502 after determining that the second Bluetooth
circuit 120 1s allowed to switch the operation mode 1s merely
an example embodiment, rather than a restriction to the
practical implementations. In practice, the first control cir-
cuit 117 may skip the aforementioned determination proce-
dure of the operation 702 and directly proceed to perform the
operation 502 after receiving the aforementioned second
mode-switching request.

As can be appreciated from the foregoing descriptions, 1n
the period during which the second Bluetooth circuit 120
operates at the relay mode, the first Bluetooth circuit 110
intermittently checks the data type of the packets transmitted
from the remote Bluetooth device 102 and generates corre-
sponding data type notifications, and the second Bluetooth
circuit 120 indirectly determines whether the data type of the
packets 1ssued from the remote Bluetooth device 102
changes or not according to the data type noftifications
generated by the first Bluetooth circuit 110. The first Blu-
etooth circuit 110 does not 1nstruct the second Bluetooth
circuit 120 to switch to the snifling mode as long as the
second Bluetooth circuit 120 determines that the data type of
the packets 1ssued from the remote Bluetooth device 102 1s
still data without having sequence numbers, so as to avoid
the difliculty of confirming whether the second Bluetooth
circuit 120 misses any packets issued from the remote
Bluetooth device 102 in the following stages.

The first Bluetooth circuit 110 1nstructs the second Blu-
ctooth circuit 120 to switch the operation mode from the
relay mode to the snifling mode only 1f the second Bluetooth
circuit 120 determines that the data type of the packets
1ssued from the remote Bluetooth device 102 changes from
data without having sequence numbers to data with a
sequence number. After the second Bluetooth circuit 120
switches to the snithng mode, the first Bluetooth circuit 110
only needs to transmit the packets missed by the second
Bluetooth circuit 120 to the second Bluetooth circuit 120,
and does not need to forward all of the packets 1ssued from
the remote Bluetooth device 102 to the second Bluetooth
circuit 120, thus the operating burden, power consumption,
and heat generation of the first Bluetooth circuit 110 can be
reduced, the serving time and the standby time of the first
Bluetooth circuit 110 can be extended, and the bandwidth
requirement for data transmission between the first Blu-
ctooth circuit 110 and the second Bluetooth circuit 120 can
be reduced.

Similarly, the multi-member Bluetooth device 100 may
adaptively switch the operation mode of the third Bluetooth
circuit 130 according to the change of the data type of the
packets transmitted from the remote Bluetooth device 102 as
claborated above.

Accordingly, by adopting the operation approach of the
aforementioned FIG. 6 and FIG. 7, the main Bluetooth
circuit of the multi-member Bluetooth device 100 may
adaptively switch the operation mode of the auxiliary Blu-
ctooth circuit from the relay mode to the smiling mode, and
correspondingly adjust the cooperation between the main
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Bluetooth circuit and the auxiliary Bluetooth circuit when
the data type of the packets transmitted from the remote
Bluetooth device 102 changes from data without having
sequence numbers to data with a sequence number. There-

fore, the multi-member Bluetooth device 100 1s capable of 5

achieving various management mechanisms, such as load
balancing, power consumption balancing, or heat generation
balancing among the multiple member circuits, thereby
improving the overall performance of the multi-member
Bluetooth device 100, increasing the service life of the
Bluetooth circuit, or improving the user experiences.

Please refer to FIG. 8 and FI1G. 9, which collectively show
a simplified flowchart of an operation method of the multi-
member Bluetooth device 100 according to a fourth embodi-
ment of the present disclosure.

In the embodiment of FIG. 8 and FIG. 9, the operation
methods of the multi-member Bluetooth device 100 1n the
operation 202 and the operation 404 through the operation
408 are similar to corresponding operations described 1n the
embodiments of FIG. 4 or FIG. 6. In other words, the
auxiliary Bluetooth circuit operates at the relay mode to
receive the packets without having sequence numbers for-
warded from the main Bluetooth circuit. But 1n this embodi-
ment, after performing the operation 408, the auxiliary
Bluetooth circuit would perform the operation 810 1n FIG.
8 to check the data type of the packets forwarded from the
main Bluetooth circuat.

For example, the second control circuit 127 of the second
Bluetooth circuit 120 may utilize the second packet parsing
circuit 123 to parse contents 1n a particular field of the
packets received by the second Bluetooth communication
circuit 121 (i.e., packets forwarded from the first Bluetooth
circuit 110) so as to acquire the data type of the above packet
in the operation 810. In practice, the second control circuit
127 may read contents from a sequence number field 1n the
packet transmitted from the first Bluetooth circuit 110 or
contents from other predetermined fields, so as to classily
the data type of the packet to be either data with a sequence
number or data without having sequence numbers.

Then, the second control circuit 127 may perform the
operation 812 to indirectly determine whether the data type
of the packets 1ssued from the remote Bluetooth device 102
changes by determining whether the data type of the packets
forwarded from the first Bluetooth circuit 110 changes. In
practice, the second control circuit 127 may temporarily
store the data type of the packets transmitted earlier from the
first Bluetooth circuit 110 1n an appropriate storage circuit
(which 1s not shown 1n figures), so as to compare the data
type of the packets transmitted earlier to the data type of the
packets transmitted currently from the first Bluetooth circuit
110.

If the data type of the packets transmitted currently from
the first Bluetooth circuit 110 1s still data without having
sequence numbers, 1t means that the current data type of the
packets of the remote Bluetooth device 102 1s still data
without having sequence numbers, and this usually means
that the operation scenario of the multi-member Bluetooth
device 100 does not change. In this situation, the first
Bluetooth circuit 110 may repeat the alorementioned opera-
tion 406, and the second Bluetooth circuit 120 may continue
to operate at the relay mode and repeat the atorementioned
operation 408, operation 810, and operation 812.

On the contrary, 1f the data type of the packets transmitted
currently from the first Bluetooth circuit 110 changes to be
data with a sequence number, 1t means that the current data
type of the packets of the remote Bluetooth device 102
changes to be data with a sequence number, and this usually
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means that the operation scenario of the multi-member
Bluetooth device 100 has changed. In this situation, the
second Bluetooth circuit 120 may perform the aforemen-
tioned operation 616 to generate a second mode-switching
request and transmit the aforementioned second mode-
switching request to the first Bluetooth circuit 110 through
the second Bluetooth communication circuit 121.

In the operation 618, the first Bluetooth circuit 110
receives the second mode-switching request transmitted
from the second Bluetooth circuit 120 through the first
Bluetooth communication circuit 111.

Afterwards, the multi-member Bluetooth device 100 may
perform the operations 1n FIG. 9. The foregoing descriptions
regarding the operations of the corresponding operations in
FIG. 7 are also applicable to the embodiments 1n FIG. 9. For
the sake of brevity, the descriptions will not be repeated
here.

As can be appreciated from the foregoing descriptions, 1n
the period during which the second Bluetooth circuit 120
acting as the auxiliary Bluetooth circuit operates at the relay
mode, the second Bluetooth circuit 120 intermittently
checks the data type of the packets forwarded from the first
Bluetooth circuit 110 so as to indirectly determines whether
the packets 1ssued from the remote Bluetooth device 102
changes from data without having sequence numbers to data
with a sequence number. The first Bluetooth circuit 110 does
not struct the second Bluetooth circuit 120 to switch to the
smiling mode as long as the second Bluetooth circuit 120
determines that the data type of the packets 1ssued from the
remote Bluetooth device 102 1s still data without having
sequence numbers, so as to avoid the difliculty of confirming
whether the second Bluetooth circuit 120 misses any packets
issued from the remote Bluetooth device 102 in the follow-
ing stages.

The first Bluetooth circuit 110 1nstructs the second Blu-
ctooth circuit 120 to switch the operation mode from the
relay mode to the snifling mode only 11 the second Bluetooth
circuit 120 determines that the data type of the packets
issued from the remote Bluetooth device 102 changes from
data without having sequence numbers to data with a
sequence number. After the second Bluetooth circuit 120
switches to the snifling mode, the first Bluetooth circuit 110
only needs to transmit the packets missed by the second
Bluetooth circuit 120 to the second Bluetooth circuit 120,
and does not need to forward all of the packets 1ssued from
the remote Bluetooth device 102 to the second Bluetooth
circuit 120, thus the operating burden, power consumption,
and heat generation of the first Bluetooth circuit 110 can be
reduced, the serving time and the standby time of the first
Bluetooth circuit 110 can be extended, and the bandwidth
requirement for data transmission between the first Blu-
ctooth circuit 110 and the second Bluetooth circuit 120 can
be reduced.

Similarly, the multi-member Bluetooth device 100 may
adaptively switch the operation mode of the third Bluetooth
circuit 130 according to the change of the data type of the
packets transmitted from the remote Bluetooth device 102 as
claborated above.

Accordingly, by adopting the operation approach of the
aforementioned FIG. 8 and FIG. 9, the main Bluetooth
circuit of the multi-member Bluetooth device 100 may
adaptively switch the operation mode of the auxiliary Blu-
ctooth circuit from the relay mode to the smiling mode, and
correspondingly adjust the cooperation between the main
Bluetooth circuit and the auxiliary Bluetooth circuit when
the auxiliary Bluetooth circuit determines that the data type
of the packets 1ssued from the remote Bluetooth device 102
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changes from data without having sequence numbers to data
with a sequence number. Therefore, the multi-member Blu-
ctooth device 100 1s capable of achieving various manage-
ment mechanisms, such as load balancing, power consump-
tion balancing, or heat generation balancing among the
multiple member circuits, thereby improving the overall
performance of the multi-member Bluetooth device 100,
increasing the service life of the Bluetooth circuit, or
improving the user experiences.

Please refer to FIG. 10 and FIG. 11, which collectively
show a simplified tlowchart of an operation method of the
multi-member Bluetooth device 100 according to a fifth

embodiment of the present disclosure.
In the embodiment of FIG. 10 and FIG. 11, the operation
methods of the multi-member Bluetooth device 100 1n the

operation 202 and the operation 404 through the operation
810 are similar to the embodiment described in FIG. 8. In
other words, the auxiliary Bluetooth circuit operates at the
relay mode to receive the packets without having sequence
numbers forwarded from the main Bluetooth circuit. But in
this embodiment, after performing the operation 810, the
auxiliary Bluetooth circuit would perform the operation
1012 1n FIG. 10 mstead of the operation 812 1n FIG. 8, so
as to generate a corresponding data type notification to the
main Bluetooth circuat.

For example, the second control circuit 127 of the second
Bluetooth circuit 120 may generate a data type notification
corresponding to the data type of the packets currently
forwarded from the first Bluetooth circuit 110 and transmut
the data type notification to the first Bluetooth circuit 110
through the second Bluetooth communication circuit 121 in
the operation 1012. In practice, the above data type notifi-

cation may be realized with various appropriate message
formats.

In the operation 1014, the first Bluetooth circuit 110 may
receive the data type notification transmitted from the sec-
ond Bluetooth circuit 120 through the first Bluetooth com-
munication circuit 111, and the first control circuit 117 may
indirectly determines whether the data type of the packets
1ssued from the remote Bluetooth device 102 changes or not
according to the data type notification. In practice, the first
control circuit 117 may temporarily store the data type
notification transmitted earlier from the second Bluetooth
circuit 120 1 an approprate storage circuit (which 1s not
shown 1n figures), so as to compare the data type notification
transmitted earlier to the data type notification transmitted
currently from the second Bluetooth circuit 120.

It the current data type notification shows that the data
type of the packets 1ssued from the remote Bluetooth device
102 15 st1ll data without having sequence numbers, 1t usually
means that the operation scenario of the multi-member
Bluetooth device 100 does not change. In this situation, the
first Bluetooth circuit 110 may repeat the aforementioned
operation 406.

On the contrary, if the current data type notification shows
that the data type of the packets issued from the remote
Bluetooth device 102 changes to be data with a sequence
number, 1t usually means that the operation scenario of the
multi-member Bluetooth device 100 has changed. In this
situation, the first control circuit 117 may perform the
operation 502 m FIG. 11 to generate a second mode-
switching instruction for instructing the second Bluetooth
circuit 120 to switch from the relay mode to the snifling
mode, and may transmit the second mode-switching nstruc-
tion to the second Bluetooth circuit 120 through the first
Bluetooth communication circuit 111.
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Afterwards, the multi-member Bluetooth device 100 may
perform the remaining operations in FIG. 11. The foregoing
descriptions regarding the operations of the corresponding
operations 1n FIG. 5 are also applicable to the embodiments
in FIG. 11. For the sake of brevity, the descriptions will not
be repeated here.

As can be appreciated from the foregoing descriptions, 1n
the period during which the second Bluetooth circuit 120
operates at the relay mode, the second Bluetooth circuit 120
intermittently checks the data type of the packets transmitted
from the first Bluetooth circuit 110 and generates corre-
sponding data type notifications, and the first Bluetooth
circuit 110 indirectly determines whether the data type of the
packets 1ssued from the remote Bluetooth device 102
changes or not according to the data type noftifications
generated by the second Bluetooth circuit 120. The first
Bluetooth circuit 110 does not instruct the second Bluetooth
circuit 120 to switch to the snithng mode as long as the first
Bluetooth circuit 110 determines that the data type of the
packets 1ssued from the remote Bluetooth device 102 1s still
data without having sequence numbers, so as to avoid the
difficulty of confirming whether the second Bluetooth circuit
120 misses any packets 1ssued from the remote Bluetooth
device 102 1n the following stages.

The first Bluetooth circuit 110 1nstructs the second Blu-
etooth circuit 120 to switch the operation mode from the
relay mode to the snifling mode only 11 the first Bluetooth
circuit 110 determines that the data type of the packets
1ssued from the remote Bluetooth device 102 changes from
data without having sequence numbers to data with a
sequence number. After the second Bluetooth circuit 120
switches to the snithng mode, the first Bluetooth circuit 110
only needs to transmit the packets missed by the second
Bluetooth circuit 120 to the second Bluetooth circuit 120,
and does not need to forward all of the packets 1ssued from
the remote Bluetooth device 102 to the second Bluetooth
circuit 120, thus the operating burden, power consumption,
and heat generation of the first Bluetooth circuit 110 can be
reduced, the serving time and the standby time of the first
Bluetooth circuit 110 can be extended, and the bandwidth
requirement for data transmission between the first Blu-
ctooth circuit 110 and the second Bluetooth circuit 120 can
be reduced.

Similarly, the multi-member Bluetooth device 100 may
adaptively switch the operation mode of the third Bluetooth
circuit 130 according to the change of the data type of the
packets transmitted from the remote Bluetooth device 102 as
claborated above.

Accordingly, by adopting the operation approach of the
aforementioned FIG. 10 and FIG. 11, the main Bluetooth
circuit of the multi-member Bluetooth device 100 may
adaptively switch the operation mode of the auxiliary Blu-
ctooth circuit from the relay mode to the smiling mode, and
correspondingly adjust the cooperation between the main
Bluetooth circuit and the auxiliary Bluetooth circuit when
the data type of the packets transmitted from the remote
Bluetooth device 102 changes from data without having
sequence numbers to data with a sequence number. There-
fore, the multi-member Bluetooth device 100 1s capable of
achieving various management mechanisms, such as load
balancing, power consumption balancing, or heat generation
balancing among the multiple member circuits, thereby
improving the overall performance of the multi-member
Bluetooth device 100, increasing the service life of the
Bluetooth circuit, or improving the user experiences.

Please note that the quantity of the member circuits in the
multi-member Bluetooth device 100 1n each of the foregoing
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embodiments may be reduced to two, or may be increased
depending on the requirement of practical circuit applica-
tions.

Certain terms are used throughout the description and the
claims to refer to particular components. One skilled 1n the
art appreciates that a component may be referred to as
different names. This disclosure does not intend to distin-
guish between components that differ 1n name but not 1n
function. In the description and in the claims, the term
“comprise” 1s used in an open-ended fashion, and thus
should be mterpreted to mean “include, but not limited to.”
The term “couple” 1s mtended to compass any indirect or
direct connection. Accordingly, 1f this disclosure mentioned
that a first device 1s coupled with a second device, 1t means
that the first device may be directly or indirectly connected
to the second device through electrical connections, wireless
communications, optical communications, or other signal
connections with/without other intermediate devices or con-
nection means.

The term “and/or” may comprise any and all combina-
tions of one or more of the associated listed items. In
addition, the singular forms “a,” “an,” and “the” herein are
intended to comprise the plural forms as well, unless the
context clearly indicates otherwise.

Other embodiments of the invention will be apparent to
those skilled 1n the art from consideration of the specifica-
tion and practice of the invention disclosed herein. It 1s
intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the
invention indicated by the following claims.

What 1s claimed 1s:

1. A multi-member Bluetooth device (100) utilized to
operably conduct data transmission with a remote Bluetooth
device (102), the multi-member Bluetooth device (100)
comprising;

a main Bluetooth circuit (110), comprising:

a first Bluetooth communication circuit (111);

a first packet parsing circuit (113), arranged to operably
parse packets received by the first Bluetooth com-
munication circuit (111); and

a first control circuit (117), coupled with the first
Bluetooth communication circuit (111) and the first
packet parsing circuit (113); and

an auxiliary Bluetooth circuit (120), arranged to select-

ably operate a snifhing mode or a relay mode, the

auxiliary Bluetooth circuit (120) comprising;

a second Bluetooth communication circuit (121);

a second packet parsing circuit (123), arranged to
operably parse packets received by the second Blu-
ctooth communication circuit (121); and

a second control circuit (127), coupled with the second
Bluetooth commumnication circuit (121) and the sec-
ond packet parsing circuit (123);

wherein 1n a period during which the auxiliary Bluetooth

circuit (120) operates at the relay mode, the first control

circuit (117) utilizes the first Bluetooth communication
circuit (111) to receive packets transmitted from the
remote Bluetooth device (102), and utilizes the first

Bluetooth communication circuit (111) to forward

received packets to the auxiliary Bluetooth circuit

(120), and the second control circuit (127) utilizes the

second Bluetooth communication circuit (121) to

receive packets forwarded from the first Bluetooth
communication circuit (111), but the second control
circuit (127) does not utilizes the second Bluetooth
communication circuit (121) to sniff packets 1ssued
from the remote Bluetooth device (102);
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in a situation of that a data type of the packets transmitted
from the remote Bluetooth device (102) changes, the
auxiliary Bluetooth circuit (120) switches from the
relay mode to the snifling mode; and

in a pertod during which the auxiliary Bluetooth circuit

(120) operates at the snifhing mode, the first control
circuit (117) utilizes the first Bluetooth communication
circuit (111) to recerve the packets transmitted from the
remote Bluetooth device (102), and the second control
circuit (127) utilizes the second Bluetooth communi-
cation circuit (121) to snifl the packets 1ssued from the
remote Bluetooth device.

2. The multi-member Bluetooth device (100) of claim 1,
wherein 1n the period during which the auxiliary Bluetooth
circuit (120) operates at the relay mode, the first control
circuit (117) or the second control circuit (127) checks the
data type of the packets transmitted from the remote Blu-
ctooth device (102), and the first control circuit (117) or the
second control circuit (127) determines whether the data
type changes;

wherein 11 the data type changes from data without having

sequence numbers 1nto data with a sequence number,
then the first control circuit (117) transmits a mode-
switching instruction to the second Bluetooth commu-
nication circuit (121) through the first Bluetooth com-
munication circuit (111), so as to instruct the auxiliary
Bluetooth circuit (120) to switch from the relay mode
to the snifling mode.

3. The multi-member Bluetooth device (100) of claim 2,
wherein 1n the period during which the auxiliary Bluetooth
circuit (120) operates at the relay mode, the first control
circuit (117) 1s further arranged to operably check the data
type of the packets transmitted from the remote Bluetooth
device (102), and to operably determine whether the data
type changes;

wherein 11 the data type changes from data without having

sequence numbers to data with a sequence number,
then the first control circuit (117) transmits a mode-
switching instruction to the second Bluetooth commu-
nication circuit (121) through the first Bluetooth com-
munication circuit (111), so as to instruct the auxiliary
Bluetooth circuit (120) to switch from the relay mode
to the snifling mode.

4. The multi-member Bluetooth device (100) of claim 2,
wherein 1n the period during which the auxiliary Bluetooth
circuit (120) operates at the relay mode, the first control
circuit (117) 1s further arranged to operably check the data
type of the packets transmitted from the remote Bluetooth
device (102), and to operably transmit a corresponding data
type nofification to the second Bluetooth communication
circuit (121) through the first Bluetooth communication
circuit (111), and the second control circuit (127) 1s further
arranged to operably determine whether the data type
changes or not according to the data type noftification;

wherein 11 the data type changes from data without having

sequence numbers to data with a sequence number,
then the second control circuit (127) transmits a mode-
switching request to the first Bluetooth communication
circuit (111) through the second Bluetooth communi-
cation circuit (121), so as to request the main Bluetooth
circuit (110) to permit the auxiliary Bluetooth circuit
(120) to switch from the relay mode to the snifling
mode.

5. The multi-member Bluetooth device (100) of claim 2,
wherein 1n the period during which the auxiliary Bluetooth
circuit (120) operates at the relay mode, the second control
circuit (127) checks the data type of the packets forwarded
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from the first Bluetooth communication circuit (111), so as
to indirectly determine whether the data type of the packets
transmitted Ifrom the remote Bluetooth device (102)
changes;
wherein 11 the data type changes from data without having
sequence numbers to data with a sequence number,
then the second control circuit (127) transmits a mode-
switching request to the first Bluetooth communication
circuit (111) through the second Bluetooth communi-
cation circuit (121), so as to request the main Bluetooth
circuit (110) to permit the auxiliary Bluetooth circuit
(120) to switch from the relay mode to the snifling
mode.
6. The multi-member Bluetooth device (100) of claim 2,
wherein 1n the period during which the auxiliary Bluetooth

circuit (120) operates at the relay mode, the second control
circuit (127) checks the data type of the packets forwarded
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first Bluetooth communication circuit (111), and

transmits a corresponding data type notification to the first

Bluetoot]

1 communication circuit (111) through the second

Bluetoot

n communication circuit (121), and the first control

circuit (117) 1s further arranged to operably indirectly deter-
mine whether the data type of the packets transmitted from
the remote Bluetooth device (102) changes or not according

to the data type notification;
wherein 11 the data type changes from data without having

sequence numbers to data with a sequence number,
then the first control circuit (117) transmits a mode-
switching instruction to the second Bluetooth commu-
nication circuit (121) through the first Bluetooth com-
munication circuit (111), so as to instruct the auxiliary
Bluetooth circuit (120) to switch from the relay mode
to the snifling mode.
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